Abstract: Analysis of aromatic compounds in the New Zealand manuka honey was carried out by solid phase microextraction followed by gas chromatography-mass spectrometry. A total of 38 compounds were detected. Seven of them such as; 1,4-bis(x-methoxyphenyl)-but-2-en-1-one, 1,5-bis(xmethoxyphenyl)-pent-3-en-1-one, 1,4-bis(x-methoxyphenyl)-1-pentanone, 1,6-bis(x-methoxyphenyl)-3-heptene, 1,6-bis(x-methoxyphenyl)-hex-2(3 or 4)-en-1-one and 2(3, 4 or 5)-hydroxy-1,6-bis(x-methoxyphenyl)-1-hexanone, had never before been identified as natural products. Their structures were deduced from the mass spectral data. Seven other compounds; 2,3-dimethoxynaphthalene, 4-(x-methoxyphenyl)-1-phenyl-1-butanone, desoxyanisoin, 2,6-dimethoxybenzoic acid benzyl ester, 4,4'-dimethoxystilbene, 3,3,4,5,5,8-hexamethyl-2,3,5,6-tetrahydro-s-indacene-1,7-dione and 1,5-bis(4-methoxyphenyl)-pentane-1,5-dione, were found in honey for the first time. Methyl syringate, orthomethoxyacetophenone and 3-phenyllactic acid were the most abundant components.
Introduction
Manuka honey, produced from the New Zealand's manuka tree (Leptospermum scoparium), has been shown to have a high antibacterial activity [1] [2] [3] [4] [5] . It is used against the helicobacter pylori 3, 6 and as a dressing for the treatment of chronic wounds 5, 7 or ulcers 8 . The antibacterial activity of the honey is generally attributed to the presence of hydrogen peroxide. However, after destruction of this, a residual non-peroxide antibacterial activity was also observed in some honeys, for example certain active manuka honeys derived from specific localities 2, 9 . Several studies have attempted to give evidence of the principal factor responsible for such activity 1, 10, 11 , but none have been successful thus far 12 .
Inoue et al. 13 demonstrated that manuka honey had a radical scavenging activity for superoxide anion radicals due to the presence of methyl syringate.
In a recent work, we demonstrated the usefulness of solid-phase microextraction (SPME) followed by gas chromatography-mass spectrometry (GC-MS) for the analysis of phenolic and other aromatic constituents in honeys 14 . In the present paper we report the results from application of this method to the manuka honey that led to the identification of seven new aromatic compounds. The determination of their structures was made by interpretation of their mass spectral fragmentation patterns. In addition, seven compounds were found in the honey for the first time.
Several aromatic compounds identified had one or more methoxy groups. It is known that methoxylation increases the degree of a product's lipophilicity, improves metabolic stability and consequently the biological activity of that product 15, 16 .
Experimental
Two samples of manuka honey from New Zealand were purchased from a local market. The beekeeper associations supplied honey samples to this market asserting their floral and geographical origins. Standards were purchased from Sigma-Aldrich Chemie, Buchs, Switzerland, benzoic acid, 4-methoxy-benzoic acid, 2-methoxybenzoic acid, 4-hydroxy-3-methoxybenzoic acid methyl ester, methyl syringate, chrysin and n-paraffin mix (C10-C36). The polyacrylate (PA) 85 µm SPME fiber was also obtained from Sigma-Aldrich Chemie.
Solid phase microextraction (SPME) SPME extraction was carried out as already described 14 . Briefly, 1 g of honey was placed into a 10 mL vial. The sample was diluted with 4 mL of distilled water and then 1 g of sodium chloride and 0.2 mL of acetic acid were added. The melange was shaken at room temperature until homogenized. The solution was extracted by immersing the PA fiber into the solution for 30 min at room temperature. The fiber was then removed from the vial and immediately inserted into the GC-MS injector for thermal desorption of the analytes. The PA fiber was initially conditioned for 2 h at 300 °C in a GC injector under a helium flow.
GC-MS analysis
Analyses were performed on a Hewlett Packard 5890 gas chromatograph coupled to a VG Masslab Trio-2 mass spectrometer. GC separations were carried out using a J&W DB-5HT column (30 m x 0.32 mm x 0.1 µm of film thickness). A split/splitless injector was used in the splitless mode (2 min) at a temperature of 300 °C. The oven temperature was programmed as follows: 40 °C for 1 min, increased to 300 °C at 3 °C/min, and held at 300 °C for 5 min. Helium was the carrier gas at a constant flow of 1 mL/min. The mass spectrometer was used in the electron impact mode at 70 eV and with a 1.2 s cycle time in the mass range m/z 45-600.
Compounds were identified by comparison of their mass spectra with those in the NIST mass spectral library and identities were confirmed by co-injections of standards when available. Distributions of the studied compounds were calculated from the peak areas in the total ion chromatograms. Kovats indices were determined from the retention times of an n-alkane mixture (C10-C36) analyzed under identical conditions.
Results and Discussion
The SPME extracts from the two samples (A and B) of manuka honey investigated in this work gave GC-MS chromatograms globally similar. Figure 1 shows the chromatogram of the sample A as example. This profile is very distinct from those of the European honeys analysed previously in the same conditions 14 . A total of 38 compounds were detected and most of them were identified (Table 1) . Table 1 Pinocembrin (29) was the only flavonoid dectected in sample A. In addition to this compound, tectochrysin (30) and chrysin (32) were observed in sample B. In comparison with European honeys analysed using the same procedure 14 , the manuka honeys are significantly poor in flavonoids; both in variety and relative amount. Several compounds in Table 1 Table 2 . Using liquid-liquid solvent extraction, Wilkins et al. 17 found that phenyllactic acid and syringic acid were the most abundant organic compounds in manuka honey. Weston et al. 4 showed moreover, that methyl syringate, which constituted 70% (w/w) of the phenolic fraction, can be considered as a floral marker for this honey. In the present work, methyl syringate (17), ortho-methoxyacetophenone (5) and 3-phenyllactic acid (13) were found to be the major components of the SPME extracts: 32.3, 15.0 and 10.2 % of total in sample A and 53.5, 7.0 and 6.5% of total in sample B, respectively. 18 showed the smooth muscle relaxant effect of benzylbenzoates, isolated from Brickellia veronicifolia, on guinea-pig ileum. Recently they demonstrated that among a series of spasmolytic benzylbenzoates, some compounds such as 2,4-and 3,4-dimethoxybenzoic acid benzyl ester (isomers of 24) were the most active inhibitors of the system calmodulin-bovine brain 19 .
4,4'-Dimethoxystilbene (25) has been reported to be an agent that can decrease cellulite deposits 20 . This property has been reported also for other substituted trans-stilbenes for their ability to inhibit the human tumor necrosis factor alpha-induced (TNF-α) activation of transcription factor nuclear factor kappaB 21 .
Conclusion
The retailers of dietary products sell the manuka honey by claiming that it helps balance hormone levels. It normalizes menstruation and the symptoms of menopause. Isolation of the new compounds identified in this work and study of their biological activity (hormone balance) might provide new insight on the nutritional benefits of manuka honey.
